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[S1]
Synthesis of [Zn 5 (μ 3 -OH) 2 (L) 4 (DMF)(H 2 O)]·(DMF) (MOF-645).
[ Crystallographic data were collected at 153(2) K on an Oxford Xcalibur diffractometer (4-circle kappa platform, Ruby CCD detector and a single wavelength Enhance X-ray source with MoK α radiation, λ = 0.71073 Å). [S2] The selected suitable single crystals were mounted using polybutene oil on the top of a glass fiber fixed on a goniometer head and immediately transferred to the diffractometer. Pre-experiment, data collection, analytical [S3] and multi-scan [S4] absorption corrections, and data reduction were performed with the Oxford program suite CrysAlisPro. [S4] The structures were solved with the Patterson (heavy atom) method and were refined by fullmatrix least-squares methods on F 2 with SHELXL-97. [S5] All programs used during the crystal structure determination process are included in the WINGX software. [S6] The program PLATON [S7] was used to check the result of the X-ray analyses.
MOF-645 crystallizes in the non-centrosymmetric space group C2 with one solvent molecule of DMF per asymmetric unit. The solvent molecule is about a two-fold axis and positionally disordered over two positions with fixed site occupancy factors of 0.5:0.5. Soft restraints on its geometry and displacement parameters were used with the help of the DFIX, DELU and SIMU instructions of SHELXL-97. [S5] Three oxygen atoms (O2, O3 and O5) of carboxylate ligands are disordered over two positions with fixed site occupancy factors of 0.5:0.5. Constraints on their displacement parameters were applied using EADP. On the tetracoordinate metal center Zn3, a substitutional disorder has been refined between coordinated DMF and water molecules with fixed site occupancy factors of 0.5:0.5. Only soft geometrical restraints (DFIX, DANG) were used to describe the positions of the hydrogen atoms of the water molecule. All other hydrogen positions were calculated after each cycle of refinement using a riding model, with C-H = 0.93 Å and U iso (H) = 1.2U eq (C) for aromatic H atoms, with C-H = 0.98 Å and U iso (H) = 1.2U eq (C) for the "methine" H atom on O1, and with C-H = 0.96 Å and U iso (H) = 1.5U eq (C) for methyl H atoms.
MOF-646 crystallizes in the non-centrosymmetric space group P2 1 with two solvent molecules of DMF and eight molecules of water per asymmetric unit. In the crystal structure, the coordinated DMF molecule had to be partially refined over two positions with refined site occupancies of 0.435 (14):0.565(14). Only soft restraints on displacement parameters (DELU,
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S5 SIMU) were used for selected carbon and oxygen atoms. All hydrogen positions were calculated after each cycle of refinement using a riding model, with C-H = 0.93 Å and U iso (H) = 1.2U eq (C)
for aromatic H atoms, and with C-H = 0.96 Å and U iso (H) = 1.5U eq (C) for methyl H atoms. 
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Section S7 Gas Adsorption Measurements
Low-pressure N 2 , Ar, and H 2 adsorption measurements were performed on an Autosorb-1 (Quantachrome) volumetric analyzer. [S8] The samples were outgassed to 10 -6 torr. Helium was used for the estimation of the dead volume, assuming that it is not adsorbed at any of the studied temperatures. Liquid N 2 , and liquid Ar baths were used for adsorption measurements at 77 and 87 K, respectively. To provide high accuracy and precision in determining P/P 0 , the saturation pressure P 0 was measured throughout the N 2 and Ar analyses by means of a dedicated saturation pressure transducer, which allowed us to monitor the vapor pressure for each data point. Ultrahigh-purity grade Ar, N 2 , H 2 , and He (99.999% purity) were used throughout the adsorption experiments. Non-ideality of gases was obtained from the second virial coefficient at experimental temperature. [S9] Surface areas of the sample were determined from the N 2 as well as from the Ar adsorption isotherm for activated MOF-646, respectively. To estimate pore size distributions for activated MOF-646, Ar isotherms were analyzed using nonlocal density functional theory (NLDFT) implementing a hybrid kernel for Ar adsorption at 87 K based on a zeolite/silica model containing cylindrical pores. [S10] The cumulative pore volume for activated MOF-646 was calculated from a NLDFT fit to the Ar adsorption data for activated MOF-646. [a] Amount of gas adsorbed at P/P 0 = 0.95 of gas pressure. [b] The values are calculated by multiplying the mass of adsorbed gas per gram by the density of the activated MOF-646 (1.19 g cm -3 ), assuming that the cell volume of MOF-646 is retained in activated MOF-646.
[c] The apparent surface area was estimated by using the Langmuir model on activated MOF-646. [d] The pore size distribution (PSD) was calculated from a NLDFT fit to the Ar adsorption data for activated MOF-646 as shown in Fig. S16 . [e] The micropore volumes (V p ) were determined using the Dubinin-Raduskavich (DR) transformed N 2 and Ar isotherms across the linear region of the low pressure data.
Estimation of Isosteric
Heat of H 2 Adsorption. The isosteric heat of H 2 adsorption was estimated for activated MOF-646 from the H 2 sorption data measured at 77 K and 87 K. A virialtype expression was used (eq 1), which is composed of parameters a i and b i that are independent of temperature.
[S11] In eq 1, P is the pressure (torr), N is the amount of adsorbed H 2 gas (mg g -1 ),
T is the temperature (K), and m and n represent the number of coefficients required to adequately describe the isotherms.
(1)
To estimate the values of the isosteric heat of H 2 adsorption, eq 2 was applied, where R is the universal gas constant. The isotherms and fitted virial parameters are presented in Fig. S18 . 
